Mammalian
gastric mucosa is unusually hydrophobic or nonwettable, which may be an essential biophysical characteristic of the gastric mucosal barrier.
Since this property may be attributable to an adsorbed layer of surface-active phospholipids (SAPL), we investigated the distribution of SAPL in rat oxyntic mucosa. Ferric hematoxylin (FH) and iodoplatinate (IP), selective bistochemical stains for phospholipids (as confirmed by spot tests), were used to detect SAPL in frozen sections and aldehyde-fixed tissue, respectively. Using HI staining in conjunction with extraction procedures that either solvate or preserve SAPL, we determined that positive reactivity was the greatest in the apical third of the oxyntic mucosa between the glandular neck region and the surface. IP reactivity appeared to parallelthe FH staining pattern.
Introduction
The gastric mucosal barrier is considered by many to be the intnin- (1, 16, 18, 27, (38) (39) (40) (41) 50 
(J Histochem
Cytochem 35:1285-1298, 1987) (14, 18, 28, 37) . Conversely, prostaglandins with established "cytoprotective" activity have the capability to maintam or increase the hydrophobicity of the gastric mucosal surface, even in the presence of a luminal damaging agent (28, 37) . Furthermore, we predicted that this property may be attributable to an adsorbed layer of surface-active phospholipids, similar in cornposition to those present in pulmonary surfactant (9, 26, 47) , for the following reasons. First, Hills (17) 
Materials and Methods
Adult male Sprague-Dawley rats were housed in wire mesh cages in a controlled environment.
They were fed Formuiab chow 5008 (Purina) and tap water ad libitum.
For the IP study, animals were fasted overnight before the tissue was collected.
For FH staining, tissue from both fed and fasted rats was examined.
All chemicals and testing reagents were obtained from Sigma Chemical Co (St. Louis, MO) unless otherwise specified.
Spot Tests
The specificity ofthe FH and the IP reaction was tested on strips of What- were dissolved in distilled water and the lipids were dissolved in chloroform to make a final concentration of 2 mg/mI. Ten microliters of each reagent were then spotted on the filter paper with a Gilson pipetter.
Three duplicate spots of each reagent were applied to each filter paper strip.
Staining intensity of each spot was determined with a Zeineh Soft Laser Scanning Densitometer (LKB Instruments). The area of the peak that appeared on the recording paper was then cut out and the weight (mg) of the paper was measured with a Sartorius balance (Syborn/Brinkmann) and expressed as a densitometry unit.
Preparation ofL:pid Extraction Solvents
For total lipid extraction, either a mixture ofchloroform and methanol (2:1 v/v) or methanol alone was used. For selective extraction ofnonpolar lipids, anhydrous acetone was used. Anhydrous acetone was prepared in accordance with a modification of the method described by Elleder and Lojda (8) . Briefly, commercial acetone was extensively dehydrated by the addition of one fifth its volume with anhydrous calcium chloride (i.e., 20 g CaCl2/ 100 ml acetone) for several days, with at least two changes of fresh CaCl2 before the extraction experiments.
Pmcedures for Lipid Extractions
Spot Tests. As recommended by Elleder and Lojda for tissue samples (7) , spotted dry filter paper strips were immersed in a chloroform-methanol(ch-m) mixture for 10 mm at room temperature and then briefly dipped in acetone and washed in running water for 10 mm to remove the solvent.
For selective acetone extractions, the filter paper strips were left in anhydrous acetone in a tightly sealed staining dish for 10 mm at 4'C. After lipid extraction, the filter paper strips were air-dried and washed in running water before examination and densitometric evaluation. 
Procedures for Enzyme Digestion
The phospholipase-C (from Clostridium) was prepared in a solution com- 
Preparation oflodoplatinate (IP) Solution
The preparation of reaction medium was modified somewhat from the protocol given by Dierichs and Inczedy-Marcsek (4). It was composed of 10% hydrogen hexachloroplatinate IV (Aldrich, Milwaukee, IL), distilled water, 0.2 M Tris buffer, pH 6.9, and 6% potassium iodide in 1161633
proportions. These reagents were prepared fresh and mixed immediately before use. The final pH of Tnis-IP solution was adjusted to pH 6.5-6.8.
Procedures for IP Reaction
Spot Tests. This is a modification Polysaccharides and neutral lipids were not stained. Phospholipids showed intense FH and P reactivities, respectively, which were removed by ch-m extraction but retained after anhydrous acetone extraction.
In contrast, weakly stained mucin andthyroglobulin losttheir FH stainability after lipid extractions.
Their lP reactivities, however, were somewhat preserved after lipid extractions.
DPPC, La-dipalmitoylphosphatidylcholine;
PE, La-phosphatidylethanolamine. 
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Results
Spot Tests
In our initial studies, we decided to confirm and extend the studies of Elleder and Lojda (7) (Figure  4c ). Occasionally, some individual cells in the deeper mucosa showed positive staining. Sections from the lesser curvature region showed a wider range of reactivity after acetone extraction.
As much as two thirds of the glandular length could be stained. This distinctive staining pattern was not seen in phospholipase-C pre-treated sections ( Figure  4d ). The enzyme 
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. ,. '/-. 6a ). Figure  6a also shows apical extrusion in certain surface mucous cells (arrows). IP reactivity of mucous cells was entirely abolished by pre-treatment with methanol ( Figure  6b ). The cytoplasm of these cells appeared pale, and the profiles of secretory granules became less distinct. Pretreatment with phospholipase-C greatly reduced IP reactivity in the mucous epithelial cells, and the contrast of the cytoplasmic background against the secretory granules was less distinct ( Figure  6c ).
A control oxyntic mucosal biopsy was processed without being cxposed to the IP reaction.
The mucous secretory granules in these tissue samples had a translucent appearance ( Figure  6d ).
We should also note that in IP reaction experiments the basal It can be appreciated from Figure 7 that the secretory granules (5) of surface mucous cells in IP-treated tissue frequently lack a distinct profile and appear to fuse together.
We also noticed that many Occasionally, the reaction product was seen in the intercellular space (arrow). The SMC of methanol-pre-extracted mucosa (C) reacted weakly with the stain, resulting in poor contrast.
Furthermore, subcellular membrane structure was poorly resolved and reactive precipitant material was not observed in methanol-treated tissue. L, lumen. Bar = 1 im.
( Figure  8c, inset) . Occasionally, the lamellar-like reaction products were present freely in the cytoplasm without membrane confines, as depicted in the inset of Figure  8d . As indicated above, the multilayer structure of the lamellar reac- Figure 8 . Electron micrographs of subcellular organelles in IP-reacted SMC. The reaction product was seen in the following organelles: (a) enclosed in a limiting membrane such as nuclear envelope (long arrows) and endoplasmic reticulum (ER) (short arrows); (b) associated with Golgi apparatus (G) and its vesicles (long arrows), or with the mitochondrial membrane (short arrows); (C) incorporated in the formative (long arrow) and mature (short arrows) secretory granules (the inset shows clear multilayer structure of reaction product after acetone extraction); and (d) incorporated in a multivesicular body (MVB) as well as in secretory granules. Reaction product was also present as myelin-like figures in the cytoplasm (d, inset) . N, nucleus; M, mitochondria. Bar = 0.5 im.
Discussion
In a series of studies reviewed earlier, our laboratory has demon- (3) (4) (5) (6) 12, 13, 23, 24, 36, (43) (44) (45) (46) 49) and to selectively stain phospholipids in various tissue types (7). At the light microscopic level, Elleder and Lojda (7) 
